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PURPOSE: To enable a semiconduaor chip to be densely mounted by a method 
wherein semiconductor chips provided with connection electrodes at their op- 
posed sides are made to overlap crossing each other at a right angle and lami* 
nated. and the chips are mounted in a film carrier mounting method. 

CONSTITUTION: Semiconductor chips ^ and i provided with connection electrodes 
11 at the opposed sides are made to overlap crossing each other at a right 
angle and fixed in position, the connection elearodes 11 of the semiconductor 
chips a, and b^ are connected to leads 12 of carrier films, and the leads 12 are 
led out in four directions. Therefore, two or more semiconduaor chips can 
be mounted at a time occupying the same area with a semiconductor chip 
provided with connection electrodes at its four sides, and semiconductor chips 
different from each other in type can be easily modularized. By this setup, 
an electronic equipment miniaturized and high in function can be easily obtained. 
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becomes quite difficult to mount into electronic chips so 
as to bring out the advantages of the different kinds of 
semi- conductor chips, raising the problem of impeding the 
process of making the electronic equipment higher 
performance. 

After reflecting on this problem, we gave this invention 
the aim of providing a small, high-performance, low-cost 
elec- tronic device with a very simple makeup on ehich one 
can mount semiconductor chips with high density on circuit 
boards by simple methods* 

Means to RgsoIvg the Problems: In order to resolve the 
above-noted problems, this invention is one that positions 
cross-stacked semiconductor chips with a structure having 
connector electrodes on two opposite sides, connects both 
semiconductor chips^ connector electrodes and film-carrier 
leads, and connects leads from the semiconductor chips' 
connector electrodes to a circuit board' s wiring electrodes 
so as to mount both semiconductor chips on the circuit 
board. 

Effects: With the above-noted makeup, this invention 
positions both semiconductor chips by cross-stacking them 
with their structure of connecting electrodes on opposite 
sides, and connects the film carrier leads to both semi- 
conductor chips' connector electrodes. Being able to mount 
simultaneously multiple semiconductor chips occupying 
nearly the same surface area as a semiconductor chip of a 
.structure having connector electrodes on four sides also 
enables one quite simply to make a module of semiconductor 
chips of different kinds, and so to simply achieve small, 
high- performance electronic equipment. 

Application Exan^le: We will use the Figures to explain an 
application example of this invention. Figure I's diagrams 
show the makeup of this invention's semiconductor device, 
while Figure 2's diagrams show the fabrication process of 
this invention, a is the first semiconductor chip, and b 
is the second semiconductor chip. 

11 is a connector electrode, 12 is a lead, 13 is a bump, 14 
is a circuit board and 15 is a distributor electrode. Fig. 
1 (A) is one example of cross-stacking semiconductor chips a 
and b having connector electrodes 11 on two opposite sides 
and mounting them by film-carrier mounting. Figure 1(B) is 



9 4-25166 3 



method which is a method for mounting a semiconductor chip. 
1 is a semiconductor chip, 2 is a connector electrode, 3 is 
a bump, 4 is a film carrier, 5 is a lead, 8 is a circuit 
board, 9 is a distributor electrode, and 10 is protective 
resin. Bump 3 is formed, e.g. by plating, on semiconductor 
chip I's semiconductor electrode 2, and is an extremely 
thin copper surface formed on film carrier 4 consisting of 
such 



* [Bold font added by translator to facilitate reading long sentence.] 

organic material as polyimide/glass epoxy and lead 5 is 
formed by etching (Figure 3A) , Pressure jig 6 is used to 
make connections by pressure-welding the tip of this lead 
5, bump 3 and connector electrode 2 installed on 
semiconductor chip 1 (Figure 3B) . Film carrier 4 
connecting semiconductor chip 1 to lead 5 is shaped into 
the desired form while lead 5 is cut to a desired length by 
a stamping process (Figure 3C) . After positioning lead 5 
and circuit board 8's wiring electrode 9 which soldering 
tool 7 had formed, they are pressure welded by pressure 
welder 6 and soldered on by the reflow (Figure 3D) . Then 
sealing is done with protective resin 10 (Figure 3E) . 

Problems the Invention Seeks to Resolve 

In recent years demands are rising for more variety and 
higher capacity than in past methods for fabricating semi- 
conductor devices. So, it has become even more essential 
than before to mount many semiconductor chips with high 
precision in response to that. 

1) Usually, there are limits to the effective mounting 
surface of a circuit board because mounting a semiconductor 
chip set on a circuitboard with a film carrier is done one- 
dimensionally, creating limits to the number of semi7 
conductor chips mounted. 

2) By increasing the number of semiconductor chips mounted 
on a circuit board, wiring lengths between semiconductor 
chips and between outside terminals become longer, signal 
processing speed decreases and they become more sensitive 
to external noise, sharply lowering the performance of the 
electronic device. 

3) When different kinds of semiconductor chips (such as 
MOS, bipolar or composite [word unclear]) are mounted on 
circuit boards, the mounting is done one by one, so that it 
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(and one other) 



Specifications 

1. Name of Invention: Semiconductor Device and its Method 

of Manufacture 

2 . Scope of Patent Application 

(1) A semiconductor device characterized by cross-stacking 
with each other a first semiconductor chip having connector- 
electrodes on opposite sides and a second semiconductor 
chip with connector electrodes on opposite sides, by 
connecting leads to the connector electrodes of the above- 
noted first and second semiconductor chips\ and by 
connecting the leads from the first and second 
semiconductor chips' connector electrodes to the wiring 
electrodes of a circuit board. 

(2) A manufacturing method for a semiconductor device, 
characterized by consisting of a process for pressure- 
welding to connect leads to the conaector electrodes of the 
first semiconductor chip with connector terminals on two 
opposite sides, a process for cross-stacking)^ the second 
semiconductor chip with its connector electrodes on two 
opposite sides on the above-noted first semiconductor chip 
and fixing it in place, a process for pressure-welding and 
connecting the leads to the above-noted second 
semiconductor chip's connector electrodes, a process for 
shaping and cut- ting to a desired length the leads of the 
above-noted first and second semiconductor chips' connector 
electrodes, and a process* for connecting to a circuit 
board's distributor electrodes the leads connected to the 
above-noted first and second semiconductor chips' 
connecting electrodes . 

3, Detailed Explanation of Invention 

Field for Commercial Utilization: This invention is one 
bearing on a semiconductor device and its manufacturing 
method, and particularly a method for mounting 
semiconductor chips on circuit boards. 

Usual Technology: Figure 3 shows the film-carrier mounting 
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a cross-sectional diagram of the structure as seen from the 
A-A' axis in Figure 1(A); and Figure 1(C) is the same as 
seen from the B-B' axis in Figure 1 (A) . 

Semiconductor chips a and b have leads 12 connected to 
their connector electrodes 11 while crossing each other and 
are connected to circuit board 13' s distributor electrodes 
14. The junctions of leads 12 to the respective 
semiconductor chip a' s and b' s connector electrodes 11 can 
be made using leads 12 matched to semiconductor chips a's 
and b' s connec- tor electrodes just as with semiconductor 
chips having a structure of connector electrodes on four 
sides of a normal film tape. These junctions are made via 
bumps 13 and connect to circuit board 14' s distributor 
electrodes 15. 

Next, we will explain the method of fabricating this inven- 
tion's semiconductor device, using Figure 2. We cross- 
stack semiconductor chips having connector electrodes on 
two opposite sides (Fig.lA). With organic resins (not 
shown in Figure) we fix them in place in this cross-stacked 
state (Fig. 2B) . We position connector electrodes 11 of 
semi- conductor chips a and b stacked this way to face film 
carrier 16' s leads 12 (Fig. 2C) . Figures 2D and 2E show 
the respective semiconductor chips a and b connector 
electrodes 11 positioned with film carrier 16' s leads 12. 
After regis- tering semiconductor chips a's and b' s 
connector electrodes 11 and film carrier 16' s leads 12, we 
used hot pressure- heating jig 17 to connect semiconductor 
chips a and b' s connector electrodes 11 to film carrier 
16' s leads 12 by pressure welding (Figures 2F,G). -After 
doing that, we drew leads 12 out from film carrier 15 and 
simultaneously shaped leads 12 drawn out from semiconductor 
chips a and b to a desired shape so as to eliminate any 
differences in thick- ness between the stacked 
semiconductor chips, positioned them with circuit board 
14' s distributor electrodes 15 and soldered them to connect 
them electrically (Fig. 2H) . 

Effectiveness of Invention: As explained above, with this 
invention it becomes possible to mount semiconductor chips 
with connector electrodes on two opposite sides with a very 
high density by stacking them crossways to each other and 
using film-carrier mounting to mount them; it makes 
possible mounting quite easily and at low cost such 
different kinds of semiconductor chips as MOS-type 
semiconductor chips com- bined with bipolar semiconductor 
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chips as BYCMOS modules; and it enables sharply improved 
performance of electronic equipment. 

Furthermore, in memory modules used for such infonaation 
equipment as computers and memory [one word unclear], the 
method of this invention can attain double the memory-chip 
mounting of the usual method, making it possible to achieve 
small high-capacity memory modules. Also, en-bloc connect- 
ing by stacking can greatly shorten wiring lengths between 
semiconductor chips, raise signal transmission efficiency 
and accelerate signal processing speed so as to bring about 
low-cost, high-performance electronic equipment unaffected 
by outside noise, making the invention's practical effects 
quite large. 

4 . Simple Explanation of Figures 

Figures l(A-C) are oblique and cross-sectional diagrams of 
semiconductor equipment from the application edample of 
this invention. Figures 2 (A-I) are diagrams of the 
fabrication process of the semiconductor device from this 
invention. Figures 3 (A^-E) are cross-sectional process 
diagrams of the semiconductor equipment from a usual case. 



a 


. , 1st semiconductor chip 


b . . 


. . 2nd semiconductor chip 


11 . . 


. , Connector electrodes 


12 


. . Leads 


13 . . 


. . Bump 


14 .. 


. . Circuit board 


15 . . 


. . distributor electrodes 


16 


. , Film carrier 


17 .. 


. . Pressure jig 



Name of Agent: Shigetaka Kurino (and one other) 



r 

® a *mnn fr UP) ot^n^mK^n 
® ^M4#»^« (A) /F4- 25166 

H 01 L 25/065 
25/07 
25/10 
25/11 
25/18 

I H 05 K 1/18 S 6736-4E 

3/34 S 6736-4 E 

7638-4M H 01 L 25/08 B 
7638-4M 25/14 Z 

@«F » ¥2-130665 

®tii m ¥2(1990)5^21B 

^ m n « m A :*:Eififnsiti*?nKioo6»* ttT«»««»«^a:rt 
®« * # « B3 » fi *RiffnKm*?^niiioo6** ttT«»ft«»ic^a:rt 

©Hi H A «iT«5««»iC&«: :ttR«nKm*^Sl006** 



1)1 IS « 

1 . < 5H O n 

r « (* » a *5 -t o r » a. » o 3? ;j /£ 

V 1 ) r i 2 iZi ;c J8 ifc m 5: -r i T, i or 

(2) wts]ri2i2tc»l*««t*r-^"6mi<?>ti 
r6i:fVi:^?rS)r62iatc»««Hfc^:Wr53l2 

2 i tf r a (i ai tffl *i: r i X tt i ffo ii 51 2 o T. 
» {* + , -/ o » « H ;c 'J - K aB w ^ If. tf , It 

r I r. jv > tri T. i , t.q o r » -^ , r <o « « 

m ♦% fS t: I - K fR M * « o a ^ tz U] afu 



fct Pi t- S X W i (R Id 1 * 3n 2 r # a; + . r --^ 
^ «<i ;&S OV ^ /iih. 

3 . ' 5fe w <^ » a a ''W 

© T 

Ut3e <0 !£ «lr 

tt f. , 2a»tt«ii> 3 w > 4 
^rio«a««±2c:'<y7'3*»1;ttf> v4. 

aMU^*^G!l^7 'J r±4CrtJ6T« 

iUl&L (3\3ia-A). COU-KS^D^agRi 
__ 2- 



431 




r # (* f , •/ I » <^ n f: tt « 2 i > r 
( u 3 a - E ) . 

i i. o T le C i5 tt * HMj* 6« i c r 

-3- 

-♦^ * Wl a. t UL O 9A f?x ^£ fS fk T i rz ifi. 
[u1 t ^: V. c tff ii. » n ft tt S T-ffi asis * It, 

>l) ^, ;n r ^ a . r O « tt « Hi i 7 y A. A * • 'J 
r t?) - K f« K L . 1i # . r O « Bt « 

o r * ^. 
ft m 

i:»KL» -i - y O 4$ ±7} Co] f: A Ti (51 tc r i C t 

:i ;r iTo i ,u a f*'i w t w a « o -i^ ai ^ v v* 
9r f:i) M tc X' X :h je X, « a a* « i r # » + v r 

i«1 t: <: I* r> T ffi T. C *: >• - /u <t 6« sin 4 0 'I^ 

V • .(5 m (T£ ^* m r *«i ^; u *if iw r * 5. 



4-25166(2) 

/<^4f-^«7« 4td1ilX?9F) '&@»Sffc:|K 

tc i t -J tt a a t w t T fc. 

aft* mmuys^r^m^ ^ ^ -f ^mnmwLv:.m 

aa^nvft-r ^ ft a6 to^a 



.li L ft .1; t-A a U 31 I £0 1i # a: 
b ii 31 2 £0 r- # ^ 7 7*. 

1 I ti » tt « 1 2 U - K, 1 3 iS X 7^. 

i4(i@nx«v i5ufe««i«'c«6. 3ii!» 
(A) tt»(5ir£2iziR:»a«fii i^iTLftm 
ao^noiof-Tra. bi3i±tav^ciaj?. «a 

$t?-C7 ^ ^ 'J r1?»^»:-Cge»Uft-1l 

a«"CJ^&. f31H(B)tl(SlH(A)A-A-:5 

pj^-^^ftas^iaca. (3i6i(C)u[siu<(3in 
(A) ^B-B* :^i5i:^<^&ftBiffii«ia(a-cJb&. 

2dM«^dn. @nx«i3<oea«i«i44ffi 
tt^fiTlaO. a '^r o ^ an* + V r a, bO»i* 

atfi i^*o»j-ri2<o»dtiaw<T)74;wx. 




I 1 t n\t^ t r: -I - y \ 2 t tt *f f: t <o t »l 
I I i - K I 2 i O |g A (1 r I 3 t ^ U T 
« ^ n r 6* 

2Mt«!;^Taiafli-s. «ra]-r«2iaK:nitt«rt 
/v/.^-*'! T ISO 'j-K i2it5i*c{aai^ 

.*^1^^r^fo (312B-C). a25a(D) i*2 

' a. b to « ;5 « I 1 i 7 < /u A + ^ 'J 1 

:ft«17tmv^T1i«?i4:f-vra, bOfftt^Hi 

-7- 

X. ^ V i: ;i -J > f A - y • ' t J ^ - K ^ 

t« fl| 2; :: ii\ '.^ n c * j v a - /- ;c >ji r 

. t * V n- 4; » B)i o 7j /t c JL » 1- i c 

i ;c i: 0 vi < o /£ i It « t 2 \i - -t J + . ^ 

X » V • -5 B ^ * =i ^: >• 

- ?r *A' *U n > * o C tl m « It c j: i 

- U J8 « ;c X 0 r » » ■^ r na © fid ta L < 

-; . SI dd o * « 5n 

T. IM (A^ - (C) U4:jfeflfl(09e86#^;c*5ct 

C I ) U fl". 2)! ;c ti »J i r- # t> S a O » a X »2 
M. T. 3 W ( A ) - ( E ) tl <i « c tj If i ^ W 

a .-^ afi :in r IV M r A -s. 

a I .0 r # ti * , r, b - 5t 2 o r J» u; + 
O 

' 1 ; • • !t >^ :a 12 • • *( - K. ! :^ - 
• ^ I ; 9;. i r. k w :a i ••• 



»H¥ 4-25166(3) 

IE«r ^ i ( «2M - F. C). r^(i*, 

T'a, b (rymrnm^ \ \ t y 4 J. ^ ^ *i r \ H 

«> 'J - K I 2 « d 7 ^ n. A + ♦ •! , I e J: 

0 'J - FBI 2trT^tt^^lS|t»CltoAt>5n 

Ol^aitrf-^ya. bA*9#d5'r*»J-Kl2* 

tt*^-^t>tor*4(|l2H-H. I), 

« 2iQC»ttm«*W^*TIIOf- , r*2v*c 
«2L/:tt«Titi3^i>^r«jtt, 7 ^ A, I. ^ 

rmi,u. Mosai*iaiOf-,ri - 

1i4>(|:f-,rt:lfl^dtolf/:BYCM0S*:^* 
•8- 

7 . /t /. 4- ^ 'J r , 1 7 m ft- .-ft W. 

ft ft A o Ct « ?f ft ± « Tf « ^ a 1 J', 




¥ 4-25166(4) 



^ ^ 4-25166(5) 




V 




4 - 25166(6) 



m 2 m 




/4 



tl) 



0. t> ff 



f3 




(A) 



5 '^-^■* 4 -yitiUr-f 

I 




3 



IK 3 B 



4-25166(7) 



cC) 





9 0Ziie4 



8 s»i». 



7 •* B>f 



R 3 




3 Z 



O 



